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Radappertized  pork  rolls  were  prepared  using  fresh  pork  hams  with  sodium 
chloride  (0.75%)  and  sodium  tripolyphosphate  (0.3%  or  0.5%)  additions.  The 
irradiated  and  nonirradiated  samples  were  tested  by  technological  panels  for 
the  sensory  characteristics  and  consumer  panels  for  preference.  Texture 
measurements  were  made  with  an  Allo-Kramer  Shear  Press.  Total  organic  volatile^ 
were  determined  us^ng  a steam  distillation  method.  The  addition  of  0.75%  NaCl 
and  0.3%  or  0.5%  TPP  resulted  in  a significant  improvement  in  the  sensory 
characteristics  and  preference  ratings  of  the  irradiated  pork  rolls.  Textural 
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SUMMARY 


Sodium  chloride  (NaCl)  and  sodium  tripolyphosphate  (TPP)  additions  to 
irradiated  pork  rolls  resulted  in  improvements  in  the  preference  ratings 
when  evaluated  by  consumer  panels.  NaCl  alone  was  not  sufficient.  NaCl 
(0.75%)  and  TPP  (0.3Z  or  0.5Z}  additions  had  no  effect  on  color  ratings, 
but  resulted  in  Improvements  in  the  flavor  quality.  Textural  ratings 
from  technological  panels  were  significantly  improved  by  the  addition  of 
NaCl  and  further  improved  by  TPP  addition.  Shear  press  readings  showed 
significant  changes  with  the  additions  of  NaCl  and  0.3  and  0.5Z  TPP, 
confirming  data  received  from  the  technological  panels.  No  volatile 
compounds  were  produced  that  could  be  attributed  to  the  addition  of  NaCl 
and  TPP.  No  significant  differences  were  found  in  ratings  for  the  sensory 
characteristics  and  preference,  total  organic  volatiles,  or  shear  press 
readings  between  0.3Z  and  0.5Z  TPP  addition.  Therefore,  the  optimal  level 
of  TPP  addition  to  irradiated  pork  is  0.3Z  when  used  in  combination  with 
NaCl. 
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PREFACE 


The  invest Igat lone  reported  in  this  paper  veri«  conducted  to  dctemine 
the  effects  of  sodiua  chloride  and  sodiua  tcipolyphosphate  on  the 
sensory  characteristics  and  organic  volatiles  in  pork  miscle.  Total 
organic  reducing  volatiles  were  deterainsd  and  textural  asasureaents 
were  taken  using  an  Allo-Kraaer  shear  press. 

Results  from  these  investigations  have  shown  that  acceptable  irradiated 
pork  can  be  produced  using  0.75Z  sodiua  chloride  and  0.3Z  tripolyphosphate 
to  produce  a cut-and-foraed  roll-type  itea. 

These  studies  were  undertaken  as  a research  project  by  the  Irradiated 
Food  Products  Group,  Radiation  Preservation  of  Food  Division,  Food 
Engineering  Laboratory,  under  Project  1Y762724AH99. 
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EFFECTS  OF  SALT  AND  SODIUM  TRIPOLYPHOSPHATE  ON  TEXTURE,  ORGANIC 
VOLATILES  AND  SENSORY  CHARACTERISTICS  OF  IRRADIATED  AND  NONIRRADIATED 

PORK  ROLLS 


INTRODUCTION 


The  chenges  In  the  phyeical  and  chemical  properClea  of  meat  and  poultry 
reaultlng  from  the  addition  of  aalt,  aodlin  chloride,  and  food-grade  phoa- 
phates  have  been  well  documented  In  the  rcaearch  literature.  Changes  In 
the  pH  of  meats  caused  by  phosphate  addition  and  Its  effects  on  water 
retention  were  reported  by  Grau^  et  al.  (1953),  Hanm^  (1960,  and  Swift ^ 
and  Ellis  (1956).  Mahon**  (1961)  found  that  NaCl  concentration,  not  pH 
adjustment,  %ms  the  primary  factor  In  obtaining  maximum  water  retention 
In  meat.  Mahon  also  reported  a synergistic  effect  on  water  retention  by 
the  addition  of  NaCl  and  phosphates. 


Uellendoorn^  (1962)  found  that  pyrophosphate  and  tripolyphosphate  yielded 
great  effect  on  water  retention  In  pork  when  heated,  with  pyrophosphate 
being  superior.  Sherman^  (1961)  working  with  fresh  pork  with  phosphate  ^ 
additions  In  a range  not  exceeding  2Z  and  heated  In  a range  of  25  to  100  C 
showed  that  5G°C  yielded  the  maximum  water  retention  values;  higher  tempera- 
ture decreased  the  water  retention. 


However,  at  50^*0  proteolytic  ensymea  are  not  Inactivated  in  pork(Chlaffibalero^ 
at  al.  1959)  and, therefore,  maximum  retention  of  water  In  Irradiated  pork 
Items  cannot  be  realize^  dus  go  tha  higher  temperatures  necessary  for 
ciisymc  Inactivation  (71  - 75  C). 


1.  Grau,  R. , R.  Ham,  and  A.  Bauman,  1953.  Water-binding  capsclty  on 
maiuaallan  muscles.  Tha  Influsnca  of  pH  values  on  tha  water  binding  cspaclty 
of  ground  bsaf  muscle.  Blochsm.  7.  325:1. 


2.  Ham,  R. , 1960.  Biochemistry  of  mast  hydration.  Ad.  In  Food  Rea. 
10:  355. 


3.  Swift,  C.  W. , and  F.  Ellla,  1956.  The  action  of  phosphate  In  sausage 
product.  I.  Factors  affecting  the  water  retention  of  phosphate  treated 
ground  meat.  Food  Tech.  13:546. 


4.  Mahon,  J.  H.  1961.  Tripolyphosphate  - salt  synergism  and  Its  effect 
on  cured  meat  volume.  Proceedings,  Thirteenth  Research  Conference,  American 
Meat  Inst.  Foundation,  Chicago,  Illinois,  March  23-24. 


5.  Hellendoorn,  E.  W. , 1962.  Water-binding  capacity  of  meat  as  affected 
by  phosphates.  I.  Influence  of  sodium  chloride  and  phosphates  on  the 
water  reduction  of  cominuted  meat  at  various  pH  values.  Food  Tech.  116:119. 


6.  Sherman,  P. , 1961.  The  water-binding  capacity  of  fresh  pork.  I.  The 
Influence  of  sodium  chloride,  pyrophosphate  and  polyphosphate  on  water 
absorption.  Food  Tech.  15:  59. 


7.  Chlambalero,  C.  J. , D.  A.  Johnson,  M.P.  Drake,  1959.  A time-temperature 
relationship  for  heat-enzyme  Inactivation  of  radiation  sterilized  beef  and 
pork,  J.  Ajr.  Food  Chem. , 7:  783. 


ShulCs  and  Ulerblckl  (1974)  reported  Che  effects  of  NaCl  and  food-grade 
phosphates  In  pork  muscle.  It  vms  determined  that  pyrophosphate,  and  to 
a lesuer  extent,  tripolyphosphate  were  more  beneficial  for  reducing  cooking 
losses  in  fresh  pork  musclk..  This  agrees  with  work  on  conninutcd  pork  meat 
by  Hellendoorn^  (1962).  It  was  also  found  that  0.3Z  addition  of  phosphate 
yielded  maxL-um  results  for  meat  swelling  properties  and  water  holding 
capacity  when  used  in  combination  with  IZ  NaCl. 

Most  of  the  previous  work  on  the  effects  of  NaCl  and  phosphates  in  pork 
has  been  associated  with  conminuted  or  cured  pork.  However,  this  is  not 
Che  case  with  the  development  of  a cold,  ready-to-eat  uncured  pork  item 
preserved  by  radappertizaCion.  For  meat  rolls,  the  binding  mechanism  of 
Che  added  salt  in  combination  with  phosphates  is  most  important.  The 
addition  of  NaCl  and  phosphates  results  in  a migration  of  a salt  soluble 
protein  to  the  surface  of  the  meat,  and  on  denaturation  these  ialt  soluble 
proteins  form  a binding  matrix.  This  protein  binding  of  meat  chunks  results 
in  a product  that  can  be  molded  into  configuration  to  fit  any  desired  con- 
tainer. Shaping  of  the  meat  into  uniform  dimensions  allows  the  maximum 
utilization  of  the  containers  and  is  beneficial  in  reducing  the  variation 
of  irradiation  dose. 

The  objective  of  these  tests  was  to  demonstrate  the  necessity  of  salt 
(NaCl)  and  phosphate  additions  to  pork  prior  to  enzyme  inactivation  and 
packaging  by  showing  the  improvements  in  the  flavor  and  texture  character- 
istics and  improved  acceptance  of  the  finished  radappercized  pork  rolls. 

The  effects  of  the  addition  of  NaCl  and  phosphates  were  determined  using 
organoleptic,  chemical,  and  physical  testing  of  the  irradiated  pork  roll, 
with  nonirradiated  counterparts  as  controls. 

Materials  and  Methods 

The  raw  material  for  this  study  was  fresh  (3  to  7 days  post  slaughter) 
boneless  pork  hams,  skin  and  external  fat  removed.  The  hams  were  cut 
into  SO  to  500  gram  chunks  and  mixed  in  a mechanical  mixer  with  or  without 
additives  for  five  minutes.  The  additives  used  were  sodium  chloride 
(0.7SZ  level)  and  food-grade  sodium  tripolyphosphate  (0.3  and  0.5Z  levels). 
All  samples  Included  3Z  crushed  Ice  for  temperature  control  and  to  facili- 
tate mixing  of  the  additives  with  the  meat.  After  mixing,  the  product  was 
stuffed  Into  102  mm  diameter  fibre  is,  regenerated  cellulose  casings.  The 
meat  rolls  were  held  at  2 to  5 C overnight  (IS  to  18  hours)  grlor  to  enzyme 

Inactivation  In  a cookhouse  to  an  Internal  temperature  of  70°  to  75  c. 

After  enzyme  Inactivation,  the  rolls  were  chilled  at  2 to  5°C,  packaged 
Into  cans,  sizes  404  x 700  and  404^x  202,  under  a pressure  of  7kPa  + 1 kPa. 

The  sealed  cans  were  frozen  to  -30  C to  -40  C prior  to  Irradiation. 


3.  Shults,  G.  W. , and  E.  Wlerblckl,  1974.  Effects  of  condensed  phosphates  i 
on  the  pH  water-holding  capacity  and  meat  swelling  properties  of  pork  | 
muscle.  TR-74-22FL,  U.  S.  Army  Natick  Laboratories.  ' 
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Irradiation  of  tha  product  vaa  carried  out  In  the  cobalt*>60  aource  at  the 
i US  Army  Radiation  Laboratory,  US  Army  Natick  Reaearch  and  Development 

Command,  Natick,  Maaaachuaetta.  All  aanplea  received  a gamma-lrradlatlon 
doae  In  the  range  of  5.1  to  6.1  Hrad.  Temperature  during  Irradiation  vajj 
controlled  at  -30°C+10”C  ualng  liquid  nitrogen.  Doae  rate  vaa  3. 79  x 10 
rada  per  aecond.  Samplea  were  atored  at  21  C for  0 to  30  daga  after 
Irradiation.  Nonlrradlated  controla  were  held  frosen  at  ~29x  until 
evaluation. 

Meat  Shrinkage 

Meat  shrinkage  (reciprocal  of  water-holding  capacity)  was  determined  by 
• the  method  of  Wlerblckl^  et  al.  (1957)  with  modification  by  Shults^**  et  al. 

(1973). 

Sensory  Evaluation 

Samples  were  subjected  to  trained  technological  panels  of  10  to  12  panelists, 
who  evaluated  them  for  the  sensory  characteristics  of  odor,  flavor,  color  and 
texture.  The  sensory  characteristics  ratings  were  scored  using  an  Intensity 
scale  of  1 (extremely  poor)  to  9 (excellent).  In  one  experiment,  the  experi- 
mental samples  were  sensory  tested  for  the  following  off -character Is tics: 
discoloration,  off-odor,  off-flavor  and  texture. 

Preference  ratings  were  obtained  using  both  the  trained  technological 
VN  - 8 to  10  panels)  and  consumer  type  panels  (N  - 32  to  36).  Indications 
of  preference  were  made  on  a hedonic  scale  of  1 to  9 by  preference,  with  1 
being  "dislike  extremely"  and  9 meaning  "Ilka  extremely"  (Peryam  and  Pilgrim, 

I 1957).  A rating  of  5,  "neither  like  nor  dislike",  waa  considered  the  base- 

line for  the  acceptability  of  the  product. 

Texture  determination  (Shear  Press) 

Pork  allce  tenderness  was  measured  using  an  Allo-Kramer  Shear  Press  modified 
to  function  as  o penetrometer  by  substituting  the  standard  shear  compression 
cell  and  shearing  blades  with  an  apparatus  containing  five  3.2  in  diameter 
drill  rods,  seml-blunt,  having  1.5  m diameter  land  '^.nd  6.7/25.4  mm  tapar. 
Readings  are  expressed  In  newtons  (Hlnnergardt  and  Tuomy,  '970).^^  The  meat 


9.  Wlerblckl,  E.,  L.  W.  Kunkle  and  F.  E.  Deatheraga,  1957.  Changes  In  the 
water-holding  capacity  and  cationic  shifts  during  the  heating  and  freezing 
and  thawing  of  meat  as  revealed  by  a simple  centrifugal  method  of  shrinkage. 
Food  Tech.  11:  69. 

10.  Shults,  G.  W.  and  E.  Wlerblckl,  1973.  Effect  of  aodlum  chloride  and 
condensed  phosphates  on  water-holding  capacity,  pH  and  swelling  of  chicken 
muscle.  J.  Fd.  Scl.  38:  991. 

11.  Peryam,  D.  R.  and  F.  J.  Pilgrim,  1957.  Hedonic  scale  method  for  measuring 
preferences.  Food  Tech.  11:9. 

12  Hlnnergardt,  L.,  and  Tuomy,  1970.  A pentrometer  test  to  measure  meat 
tenderness.  J.  Fd.  Scl.  35:  312. 
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rolls  were  sliced  Into  12.7  on  slices,  and  three  readings  were  taken  per 
slice,  12  replicates  for  each  variable.  The  higher  the  reading,  the 
lower  the  tenderness  of  the  pork  slices. 


Total  Organic  Reducing  Volatiles 


The  total  organic  volatiles  were  detemlned  using  a stcaa  distillation 
of  organic  volatiles  Into  an  alkaline  pernangenate  solution,  oxidation  of 
the  organic  volatiles  by  the  oxygen  fron  the  permanganate  solution  (first 
In  alkaline  and  then  In  an  acid  medium  made  by  addition  of  dilute  sulfuric 
acid)  and  determination  of  the  residual,  unused  permanganate  by  titration 
with  standardized  aononlum  oxalate  solution  (O.i  N (NH,).C_0,).  A 50-9 
sample  of  meat  was  added  to  350  ml  of  distilled  water  ana  nomogenlzed  for 
90  seconds.  The  homogenate  was  placed  In  a 200  ml  flask  with  5 ml  picric 
acid  and  glass  beads.  Seventy  ml  (determined  experimentally  to  collect 
all  the  volatiles)  were  distilled  Into  a 500  ml  erlenmeyer  flask  containing 
50  ml  of  0.05  N KMn04  and  5 ml  of  0.1  N NaOH.  The  receiver  flask  was 
refluxed  for  10  minutes  and  10  ml  cf  dilute  H.SO.  (1  to  3)  added  to  the 
solution.  The  solution  was  refluxed  for  an  additional  25  minutes.  Following 
the  reflux,  25  ml  of  standardized  0.1  N (NH|,)2C20^H20  were  added,  and  the 
solution  back  titrated  with  standardized  0.05  V KMnO^  solutions.  This 
procedure  Is  a quantatlve  determination  and  the  results  are  expressed  In 
mllllequlvalents  of  oxygen  consumed  by  the  volatiles  obtained  from  100  grams 
of  meat.  Calculations  are  as  follows: 


Mllllequlvalents  0 


Statistical  Analyses 


ml  KMnOu  x N KMnOh  x 100 
Sample  Weight  (g) 


Statistical  analyses  were  performed  on  all  data  to  determine  significant 
differences  between  the  samples  In  respect  to  the  sensory  characteristics, 
preference  ratings,  shear  press,  and  volatile  compound  data.  Significance 
was  determlnedat  the  five-percent  level  by  using  an  analysis  of  variance 
and  multiple  range  teot,  (Steel  and  Torrle,  1960).^^ 


RESULTS  AND  DISCUSSION 
Water-holding  capacity  (Heat  Shrinkage) 

The  addition  of  sodium  chloride  In  combination  vlth  small  amounts  of  food- 
grade  phosphates  has  been  shown  to  be  beneficial  In  reducing  the  meat 
shrinkage  In  beef  and  chicken  meat  (Shultfl^**  et  al.  (1972)  and  Shults^^  and 
Wlerblckl  (1973).  Table  1 reports  the  results  of  the  addition  of  0 to  10 
sodium  tripolyphosphate  (TPP)  on  the  water-holding  capacity  cf  remlmembra- 
nosus  muscle  of  fresh  pork  ham.  The  TPP  was  used  with  and  without  NaCl 
addition. 


13.  Steel,  R.  G.  and  J.  H.  Torrle  (1960)  Principles  and  Procedures  of 
Statistics  1st  Ed.,  McGraw  Hill. 

14.  Shults,  G.  V.,  D.R.  Russell  and  E.  Wlerblckl,  1972.  Effects  of  con- 
densed phosphates  on  pH,  swelling,  and  water-holding  capacity  of  beef. 

J.  Fd.  Scl.  37:860. 


9 


3: 


Tht  addition  of  O.IZ  or  0.2Z  TPP  did  not  aignificantly  reduca  naat  ahrink- 
aga«  Significant  diffarancaa  wara  not  found  in  Mat  ahrinkaga  valuaa  whan 
0.3,  0.4,  or  0.5Z  TPP  wara  addad  in  conpariaon  with  tha  0.1  and  0.2Z  additiona. 
Thia  waa  trua  for  aaapla  .with  and  without  NaCl  additiona.  Tha  additiona  of 
NaCl  in  combination  with  TPP  raaulted  in  higheat  ovarall  reduction  in  maat 
ahrinkaga  valuaa. 

The  actual  cookhouaa  yield  data  for  pork  rolla  are  tabulated  in  Table 
The  aamplea  with  0.3  or  0.54  TPP  had  aignificantly  laaa  cooking  loaa  than  the 
aaaplea  without  the  additivea.  Differencea  in  the  yield  data  '.'ere  not  noted 
for  aamplea  with  0.3  or  0.5Z  TPP.  The  cookhouae  data  confiru  experimental 
data  obtained  atudying  tha  water-holding  capacity  of  pork  oliown  in  Table  1. 

Salt  level  in  the  pork  rolla  waa  0.75Z.  Thia  ;UCl  level  wea  aelected  in 
order  to  keep  the  total  amount  of  the  additivea  low  and  to  have  a finiahed 
product  without  a aalty  taate. 

Effect  cf  Pltoaphate  Laval 

The  affecta  on  the  organoleptic  quality  and  preference  ratinga  of  non- 
irradiated  pork  rolla  preparad  with  0.754  NaCl  and  three  lavela  of  TPP 
(0.0,  0.3,  and  0.5Z}  are  ahown  in  Table  3.  Storage  conditiop.a  were  21°C 
for  0 and  30  daya.  At  0 time  atorage,  aignificant  differencea  were  found 
for  texture  ratinga  between  the  aample  with  no  additivea  and  aamplea  with 
0.75Z  NaCl  and  thoae  with  0.75Z  NaCl  and  0.3Z  TPP. 

The  aaqple  with  0.75Z  NaCl  and  0.5Z  TPP  rated  higher  for  the  aenaory 

characteriatica  than  the  aa^>la  with  no  additivea,  but  the  difference  waa 

not  aignificant.  Preference  ratinga  were  not  aignificant  for  any  of  the  aamplea 

At  30  daya  atorage,  the  aample  with  0.75Z  NaCl  and  0.5Z  TPP  waa  rated 
aignificantly  higher  for  flavor  than  the  aample  with  no  additivea. 

Differencea  in  color  ratirga  were  noted  between  0 and  30  daya  atorage, 
but  theae  differencea  can  not  be  attributed  to  any  adlitive  effect. 

The  reaulta  from  technological  examination  of  the  irradiated  pork  rolla  at 
0 and  30  daya  atorage  are  ahewn  in  Table  4.  The  aample  with  no  additives  waa 
rated  lower  for  flavor  and  texture  at  0 daya  storage,  but  thia  did  not  hold 
true  at  30  daya  atorage.  All  aamplea  were  rated  in  the  acceptable  range  for 
both  aenaory  characteriatica  and  preferencea. 

Table  5 ahowa  the  reaulta  of  technological  panel  examlnationa  of  the  irradiated 
aamplea  compared  to  a frozen  control  (0  Mrad)  containing  0.75Z  NaCl  and  0.3Z 
TPP.  The  ratinga  for  the  aenaory  characteriatica  of  the  irradiated  aample 
with  0.75Z  NaCl  and  0.3Z  IfP  were  found  aignificantly  different  at  0 and  30 
daya  atorage.  Thia  aample  waa  rated  unacceptable  (ratinga  below  5.0  are 
considered  unacceptable)  for  color,  odor,  and  flavor  ciiaracteriatica  at  0 
time  storage.  However,  at  30  days  storage,  the  sample  scored  vary  acceptable 
for  the  sensor/  characteristics  and  preference  and  was  significantly  better 
than  the  samples  with  no  additives.  Tlie  differences  in  this  particular  sample 
were  attributed  to  container  failure  of  the  0-tima  atorage  sample  which  allowed 
oxidation  of  the  fat  components.  This  resulted  in  discoloration  and  rancidity 
devs lopment . 
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At  30  days  storage  the  sample  with  no  additives  ms  rated  unacceptable  for 
the  textural  and  odor  characteristics.  Additionally,  the  samples  with  0.3 
and  0.5Z  TPP  were  rated  more  acceptable  than  the  samples  without  TPP  added. 

The  color  and  flavor  ratings  for  the  Irradiated  samples  were  not  significantly 
different  at  0 or  30  days  storage.  This  Indicates  that  NaCl  and  TPP  have 
little  or  no  effects  on  these  characteristics  at  the  addition  levels  used. 

Large  member  cons\jmer-type  panels  were  used  to  determine  consumer  acceptance 
of  the  pork  rolls.  Table  6 shows  the  results  for  the  consumer  evaluations  of 
the  same  products  tested  by  technological  panels  as  shown  In  Tables  3,  4 and  5 
In  the  test  of  the  non-lrradlated  samples,  the  sample  with  no  additives  was 
rated  significantly  lower  than  samples  with  the  additives.  Differences  were 
not  found  In  ratings  of  the  three  samples  containing  additives.  Consumer 
ratings  for  the  four  Irradiated  samples  show  that  the  sample  with  no  additives 
was  unacceptable  and  significantly  lower  from  the  three  samples  with  additives 
The  sample  v.'lth  0.75Z  NaCl  and  0.5Z  TPP  was  rated  significantly  better  than 
the  sample  with  0.75Z  NaCl  without  TPP.  Evaluations  In  the  test  comparing 
the  four  Irradiated  samples  with  a nonlrradlated  control  sample.  Significant 
differences  were  not  found  between  0.3  and  0.5Z  TPP  additions.  Th*.  overall 
results  emphasize  the  necessity  for  adding  NaCl  and  TPP  In  the  rolls  to 
produce  acceptable  Irradiated  pork.  The  addltl''’*.  of  NaCl  alone  was  not 
sufficient  to  product  a highly  acceptable  Irradiated  pork. 

Effect  of  Sodium  Chloride  Level 


The  effects  of  NaCl  addition  In  a range  of  0 to  1.5Z  T*  i^ere  studied.  '^^§1^ 

7 shows  the  results  from  the  technological  panels  at  3;'  .':.ys  storage  at  21  C. 
Preference  ratings  for  the  samples  with  no  additives  ana  0.5II[  NaCl  were 
significantly  different  from  the  control.  The  sample  with  1.5Z  NaCl  was 
rated  significantly  higher  than  the  sample  with  no  additives.  No  significant 
differences  were  found  in  the  preference  scores  of  the  three  samples  with 
NaCl  added. 

Consumer  evaluations  on  noni'*.adlated  pork  rolls  with  various  concentrations 
of  NaCl  and  0.5Z  are  shown  In  Table  8.  The  overall  evaluation  of  the  data 
obtained  at  the  three  storage  times  shows  that  the  sample  with  no  additives 
scored  significantly  lower  than  samples  with  NaCl  and  TPP  added.  Differences 
between  the  samples  with  the  additives  were  small  and  not  significant  at  the 
57  level.  The  data  In  Tables  7 and  8 reveal  that  up  to  1.5Z  NaCl  can  be  added 
vrlthout  any  effects  on  the  sensory  characteristics  or  preference  rating. 
However,  a concentration  of  0.75%  NaCl  was  selected  for  use  In  pork  roll  to 
obtain  an  end  product  with  no  salty  taste  and  Improved  overall  quality  as 
compared  with  pork  rolls  without  the  additives.  Also,  this  level  of  addition 
vras  selected  in  an  attempt  to  keep  additive  levels  at  a minimum.  Results  In 
Table  1 had  shown  the  0.3%  TPP  was  adequate  for  the  beneficial  effects  on  the 
water-holding  capacity  of  pork. 

The  effects  of  the  addition  of  0.75%  NaCl  with  and  without  0.3%  TPP  were 
studied  using  pork  rolls  stored  at  21  C and  tested  by  technological  panels 
at  1 and  3 months  (Table  9).  Ac  both  the  1 and  3 month  evaluations,  the 
samples  with  added  TPP  0.3%  and  NaCl  0.75%  were  rated  higher  for  flavor, 
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odor  I and  tozturo  than  aaaplas  without  tha  TPP,  Thia  hold  tr*««  for 
both  atorag*  tlaiaa  and  alao  tha  nonirradlatad  control.  Thaaa  a'  aluatlona 
claarly  ahow  chat  tha  addition  of  a aaall  aaount  (0.3Z)  of  phor;hata  la 
banafieial  for  iaprovaiancB  in  tha  flavor  and  taztural  charact irlacici 
of  pork  roll. 

Total  Oraanic  Volatilt  Concentration 

Tha  total  organic  volacilaa  wara  datarminad  on  tha  irradiacad  and  non- 
irradiatad  aaaplaa  at  0 and  30  daya  atoraga.  Tha  data  aheam  in  Tabla  10 
rapraaanta  tha  organic  reducing  volacilaa  axpraaaad  aa  ■llliaquivalanca 
of  oxygan  par  100  graaa  of  mac.  Tha  data  indicatad  that  no  additional 
total  organic  volacilaa  wara  datactad  chat  could  ba  actrlbutad  to  tha 
addition  of  TPP  or  NaCl  to  tha  pork.  No  aignificant  diffarencaa  wara 
datactad  batwaan  0 and  30  daya  atoraga  of  tha  pork  rolla.  Howavar, 
tha  iriadlatad  aanplaa  did  ahow  a alight  incraaaa  in  tha  total  organic 
volacilaa,  but  thia  incraaaa  waa  not  aignificant  (P<  .05). 

Taxtura  Dataraination  (Shear  Praaa) 

Shear  praaa  acudiaa  wara  parfomad  on  the  irradiatad  and  nonirradlatad 
froxan  control  aaaplaa  after  30  daya  atoraga  (Tabla  11).  Tha  data  ahow 
that  the  addition  of  NaCl  and  TPP  aignificancly  affected  tha  ahaar  praaa 
valuaa  for  both  irradiatad  and  nonirradlatad  aanplaa.  No  diffarencaa 
wara  found  in  aanq. '.sa  with  0.3  and  O.SZ  TPP  addition,  but  thaaa  aaaplaa 
wara  aignificantly  different  froa  the  aaoplaa  with  no  addicivaa  and  0,75Z 
NaCl  alone.  Alao,  tha  addition  of  0,75Z  NaCl  alone  aignificantly  affected 
tha  texture  of  tha  irradiatad  pork  roll.  Significant  diffarancaa  wara 
found  btewaan  irradiacad  and  nonirradlatad  aamplaa  in  all  caaaa,  except 
the  aaapla  which  contained  no  additivaa.  Tha  concluaion  drawn  fron  thia 
data  ia  that  NaCl  addition  raaulta  in  inprovamanta  of  tha  texture,  and 
additional  iuprovamanta  can  ba  obtained  by  tha  addition  of  TPP,  Thaaa 
data  confirm  tha  data  derived  from  technological  panel  obaarvaciona. 
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TABU  1 Iffaet  of  aodlua  tripolyphoophato  and  aodltm 
chlorldo  addltlona  on  tho  pH  and  watar  holding 
capacity  of  pock  nuar.la  - aanlnaikraaoaua 


I 


Sanpla 


Rapllcatlona 


70°C  watar  bath  for  30  nlnutaa 
10  parcant  watar  addad 


* Slgnlflcanca  (P  <O.OS). 
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1 MaCl 

X TPP 

pH 

1 

2 

3 

Avaraga 

Z Shrink 

Multiple  * 
Ranga  Teat 

0 

0.0 

5.4 

7.5 

8.0 

8.0 

7.8 

39.1 

1 

0.0 

5.4 

7.2 

7.8 

7.2 

7.4 

37.0 

1 

0.1 

5.5 

7.7 

7.6 

7.4 

7.6 

37.8 

1 

0.2 

5.6 

6.7 

6.8 

6.8 

6.8 

33.8 

1 

0.3 

5.7 

4.7 

5.4 

5.7 

5.3 

26.3 

1 

0.4 

5.8 

4.8 

5.1 

5.6 

5.2 

25.8 

1 

0.5 

5.8 

5.1 

5.1 

5.0 

5.1 

25.3 

1 

1.0 

6.0 

3.0 

3.4 

3.7 

3.4 

16.8 

0 

0.1 

5.5 

7.6 

7.4 

7.6 

7.5 

37.6 

0 

0.2 

5.6 

7.2 

7.8 

7.6 

7.5 

37.6 

0 

0.3 

5.7 

6.8 

6.1 

6.9 

6.6 

33.0 

0 

0.4 

5.8 

6.5 

7.1 

6.9 

6.8 

34.1 

0 

O.S 

5.8 

6.7 

6.8 

6.5 

6.7 

33.3 

0 

1.0 

6.0 

5.5 

5.7 

5.8 

5.7 

28.3 

TABLE  2 The  cookhouse  yield  data  for  pork  rolls 


**  Significance  (P  <0.05) 
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TABU  3 Kffttcti  of  lodiuB  ehlorido  ead  oodiua  trlpolyphoaphata 
on  cha  aanaory  eharaecarlatica  and  prafaranca  rating 
of  nonirradlatad  pork  roll 


0 dara  atoraaa 

Sa^>la  Saoaory  Charaetarlaciea 


X MaCl 

% TPP 

Color 

Odor 

Flavor 

last ora 

Prafaranca 

0.00 

0.0 

6.0^ 

5.9 

5.7 

5.2 

5.9 

0.75 

0.0 

6.0 

5.7t> 

5.9 

6.4* 

6.1 

0.75 

0.3 

5.7^ 

6.0 

6.2 

6.5* 

6.2 

0.75 

12 

0.5 

panaliata 

5.7 

5.8  6.2 

30  dara  atoraaa 

5.7 

6.0 

0.00 

0.0 

7.1 

6.7 

5.6 

6.1 

6.1 

0.75 

0.0 

6.9 

7.0 

6.9 

6.9 

6.9 

0.75 

0.3 

6.9 

7.0 

6.7 

6.7 

6.5 

0.75 

0.5 

6.5 

6.7 

7.1* 

6.9 

6.7 

8 panaliata 

* Significantly  diffarant  froa  tha  aaapla  with  no  additivaa. 

^ Significant  diffarancaa  found  in  acoraa  batvaan  0 and  30  daya  atorad 
aa^)laa. 

Significanca  (P  <0«0S) 
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TABLE  4 Efftct  of  sodlta  chlorldo  ond  sodluo  tripolyphoaphato 
addition  on  tha  aaaaory  charactariatica  and  prafarancc 
ratinga  of  irradiatad  pork  roll 

0 daya  atoraga 


Sanpla  Sanaory  Charactariatica 


; NaCl 

Z TPP 

Color 

Odor 

Flavor 

Taxtura 

Prafaranca 

0.00 

0.0 

6.2 

6.2 

5.2* 

5.0 

5.5 

0.75 

0.0 

6.0 

5.8 

5.8 

6.2 

5.5 

0.75 

0.3 

5.5 

5.8 

5.5 

5.9 

5.5 

0.75 

0.5 

5.7 

5.9 

5.4 

6.0 

5.6 

12  panaliata 


30  daya  atoraga 


0.00 

0.0 

6.1 

6.2 

6.2 

6.0 

5.9 

0.75 

0.0 

6.3 

5.7 

6.2 

5.8 

5.8 

0.75 

0.3 

6.0 

6.2 

6.2 

5.6 

6.0 

0.75 

0.5 

6.1 

6.3 

6.0 

6.4 

6.0 

10  panaliata 

Irradiation:  5.1-6. 

1 Mrad  at 

-30®C  ± 

10®C 

‘significant  diffarancaa  found  batvaan  0 and  30  daya  atoraga 
for  flavor  ratinga. 

Significanca  (P  <0.05) 
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TABLE  5 Effects  of  aodlt*  dilorldo  md  aodlua  trlpolyphoophato 
addltlOD  OB  Irradlatol  and  noalrradlatad  poxlc  rolla 

2_Dgi£_Sjor5|# 

Saaplaa  Banaory  Charactarlatlca 


Z HaCl 

% TPP 

Doaa 

Color 

Odor 

Flavor 

Texture 

Prafaranca 

0.00 

0.0 

5.1  Mrad 

5.7 

5.6b 

5.2 

5.4 

5.6 

0.75 

0.0 

5.1  Mrad 

5.9 

5.2** 

5.4 

5.7 

5.3 

0.75 

0.3 

5.1  Mrad 

4.7 

4.8** 

4.7 

5.2 

5.2 

0.75 

0.5 

5.1  Mrad 

5.8 

5.7 

5.5 

5.6 

5.7 

0.75 

0.3 

0.0  Mrad 

7.0* 

6.7 

7.1* 

7.0* 

7.4‘ 

12  panallata 

* Significantly  dlffarant  fron  other  aa^>laa. 

^ Significantly  dlffarant  from  the  nonirradlatad  aanpla* 


30  Daya  Storaaa 


0.00 

0.0 

5.1  Mrad 

5.9 

4.8» 

5.5 

5.0* 

5.2» 

0.75 

0.0 

5.1  Mrad 

5.7 

5.4* 

5.6 

5.3* 

5.7® 

0.75 

0.3 

5.1  Mrad 

6.3® 

6.1**® 

5.9® 

6.1® 

6.1**® 

0.75 

0.5 

5.1  Mrad 

6.2 

6.5** 

6.1 

5.7 

CM 

• 

40 

0.75 

0.3 

0.0  Mrad 

6.5 

6.9 

6.8 

6.8 

7.2 

10  panallata 

* Significantly  dlffarant  from  the  nonirradlatad  aanpla. 

^ Significantly  dlffarant  from  the  aanpla  with  no  addltlvaa. 

^ Significant  diffarancaa  found  batwaan  0 and  30  daya  atorad  aa^>laa. 
Significance  (P  0.05) 
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TABLE  6 ConsuMt  tvAluatiOD  of  pork  rolls  with 
vsrylns  coacsntrstioa  of  NsCl  sad  TPP 


Saples 

Non- 

Irrsdistod 

Irrsdleted 

5. 1 Mrsd  St  -30®C  + 10®C 

Irrsdleted 
with  control 

O.OOT  NeCl  OZ  TPP 

5.3 

4.6 

4.3 

0.752  NeCl  OZ  TPP 

6.5* 

6.0* 

5.3* 

0.7SZ  NeCl  0.3Z  TPP 

6.6* 

6.5* 

6.0* 

0.7SZ  NeCl  O.SZ  TPP 

7.1* 

6.7** 

5.9* 

0.75Z  NeCl  0.3Z  TPP 
(Frosen  Control) 

6.6** 

32  pansllsts  per  test 

* Slgnificsntly  different  from  the  simple  with  no  eddltlves. 

^ Slgnificsntly  different  from  the  no  eddltlvc  senple  end  NeCl  only  simple. 
Slgnlflcsnce  (P  <0.0S) 


TABU  7 Iffaeta  of  MoCl  aad  IPP  addifclODa  ea  tha  tinoory 
charaetarlotlca  of  Irrodlotad  pork  roll 


i 


I I 

^ * 


: 


I 

i 


t 


SoBOorr  OiTacttriotlco 


Dlaeol- 

Off 

Oder 

Irrad. 

Fl«nt 

Off 

Muahl- 

Friabil- 

ity 

Praf- 

annea 

Control** 

1.6 

1.5 

1.0® 

1.5 

1.1« 

1.2® 

6.5 

O.OZ  NaCl* 
O.OZ  IPP 

2.1 

m 

o 

• 

2.5 

1.8 

1.8 

2.9 

5.2® 

0.5Z  NaCl* 
O.OZ  TPP 

2.6* 

1.9 

1.4'> 

1.4 

2.4 

2.6 

5.5* 

l.OZ  NaCl* 
O.SZ  TPP 

2.7* 

1.9 

1.5‘> 

1.4 

2.1 

2.4 

5.8 

l.SZ  NaCl* 

2.3 

1.8 

2.2 

1.3 

2.4 

2.5 

6.0*^ 

23  ponalliti 

* Irradlatloni  5. 1-6.1  at  -M®C  + 10®C 

**Nonlrradlatad  control  praparad  with  0.7SX  NaCl  and  0.3Z  IPP 

* Significantly  dlffarant  fron  tha  control  aaaiploa. 

^ Significantly  dlffarant  fron  tha  aaaplas  with  Oi  and  l.SIt:  HaCl. 
® Significantly  dlffarant  from  tha  othar  aaaplaa. 

^ Significantly  dlffarant  fron  tha  sanpla  with  OZ  NaCl. 
Slgnlflcanea  (P  <0.05} 
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TAIL!  8 CoDSMMr  cvaluatloa  of  nonlrradlatod  pork  rolls 
with  various  coacaotratlons  of  NaCl  sad  TPP 


Storaga  Frafaranca 

Smpla  TIm-Mos.  Scoras 


O.OZ  MaCl  * O.OZ  TPP  0 6.2 

1 5.7 

3 5.2 

0.5Z  NaCl  <f  0.5Z  TPP  0 7.0 

1 7.2* 

3 6.5 

0.75Z  NaCl  * 0.5Z  TPP  0 6.5 

1 6.5 

3 7.1* 

l.OZ  NaCl  0.5Z  TPP  0 7.2* 

1 6.9 

3 7.1 

1.5Z  NaCl  -f  0.5Z  TPP  0 6.7 

1 6.7* 

3 6.6 

35  panallsts 

* Significantly  prafarrad  to  tha  O.OZ  NaCl,  O.OZ  TPP  aaapla 


Significance  (P  <0.05) 


0,75 

0.3 

5.1  Mrad 

6.0 

5.7’> 

5.2® 

6.1 

5.5 

0.75 

0 

5.1  Mrad 

6.0 

5.4 

0.75 

0.3 

0 Mrad 

6.5 

7.0* 

7.0* 

7.0* 

6.8* 

0.75 

0 

12  paaallata 

0 Mrad 

6.9 

6.7 

6.6 

7.1* 

6.5* 

0 


0.75 

0.3 

5.1  Mrad 

6.6 

6.4'» 

6.1'’ 

6.1 

5.9’> 

0.75 

0 

5.1  Mrad 

6.0 

5.7 

5.0 

4.7 

5.4 

0.75 

0.3 

0 Mrad 

7.5* 

7.5* 

7.4* 

7.1* 

7.1* 

0.75 

0 

0 Mrad 

6.6 

6.9* 

7.0* 

6.7« 

6.1 

12  panaUata  S.l  Mrad  at  -30°C  ± lO^C 

* Slsalfleaatly  dlffarant  from  tha  aaapla  with  0.7SZ  MaCl  OZ  TPP,  Irradlatad. 

^ SlgalflcantlT  dlffarant  from  tha  nonlrradlatad  aaapla  with  0,75Z  NaCl,  0,3Z  TPP. 
Sl^lflcaaea  (P  <0.0S) 


TABLE  10  Effects  of  sddltlTss  on  the  total  organic 
mduclag  Tolatllas  of  pork  roll 


Additlvaa 


Non*Irradt 


ORV** 


Irrad.* 

0 at Otago 


ORV** 


Irradt 

X days  storage 


ORV** 


OZ  MaCl 

OZ  TPP 

6.2 

1.05 

6.4 

1.24 

6.1 

0. 75Z  MaCl 

OZ  TPP 

5.9 

1.14 

6.0 

1.14 

5.9 

0.75Z  MaCl 

0.3Z  TPP 

6.1 

1.13 

6.3 

1.25 

6.2 

0.75:  HaCl 

0.5Z  TPP 

6.6 

0.90 

6.7 

1.27 

6.4 

* 5. 1-6.1  Mrad  at  -»°C  + 10°C 

a*  Organic  reducing  volatiles, 

■llUequl valent  oxygen  per  100  g neat. 


TAILI  11  8h««r  pma  TaluM  for  pork  roll  sUcoa  with 
▼arloua  eoncaatratlona  of  MaCl  ano  Tft 


Swla Shaar  Valaaa* 


Z MaCl 

Z TPP 

Irradiated 

Froaan  Control 

0 

0 

27.4 

28.4 

0.75 

0 

19.6* 

29. 4C 

0.75 

0.3 

14.75 

20. s'* 

0.75 

0.3 

13.7® 

21.6b  c 

* Shaar  forca  in  navtooa  raqulrad  to  panatrata  12*7  ■■ 
tiilek  pork  allea 

* Slsaiflcaatlp  dlffarant  fro(B  tha  aaapla  with  no  addltlwaa 

b Significantly  dlffarant  from  tha  aaiplaa  with  no  addltlwaa 
and  0.7SZ  NaCl 

^ Slgnlficanca  foond  batwaan  Irradlatad  and  froaan  control 
Slpilflcanca  (P  ^*05) 


